ABSTRACT. Pomegranate juice (PJ), Spirulina platensis extract (SP) and Echinacea purpurea Extract (EP) was chromatographically analyzed by High performance liquid chromatography (HPLC) for phenolic and flavonoid compound. Also, this extracts was determined for total phenolic content (TPC), total flavonoid content (TFC) and antioxidant activates in terms of scavenging DPPH free radicals. The TPC of (PJ) was 26.15mg gallic acid/g of extract, and TFC was 17.6 mg catechin/g of extract, while total phenolic content for (SP) and (EP) extracts were 0.153, 0.773mg gallic acid/ml, respectively. The total flavonoids content for each of them was 2.599, 8.063mg catechin/ml, respectively. Identification of phenolic compounds showed high amount of ellagic acid, pyrogallol, catechein, benzoic, cinnamic, syringic, gallic, aminobenzoic, protocatechuic, catechol, epicatechein, caffeine, P.OH.benzoic, caffeic, vanillic, p-Coumaric, Ferulic, α-Coumaricand Salycilic. Also, identification of the flavonoids compounds appeared high amount of rutin, quercitrin, Hisperidin, Quercetrin, luteolin, kampferol, narengin and rosmarinic. Formulated pomegranates beverage (FPB) was also investigated for antioxidant activities and total phenolics content. Furthermore, phagocytosis inhibition test was carried out to measure immunomodulatory activity of pomegranate juice, stevioside, Spirulina, echinacea and formulated pomegranates beverage. Immunological tests showed highly significant increase in phagocytosis of macrophages for Formulated pomegranate beverage (FPB). Depending on sensory evaluation, the formulated pomegranates beverage showed overall acceptance compared to normal pomegranate juice. So, it could be concluded the suitability of pomegranate juice, spirulina, echinacea and stevioside as a supplementation in the production of health promoting beverage.
INTRODUCTION
Pomegranate fruit (Punica granatum L.) has gained commercial importance in recent years in the food and health industries due to better health outcomes (Fawole and Opara, 2013) . Pomegranates have high levels of polyphenols and may be a rich source of compounds that had antiviral activity (Sundararajan et al., 2010) . The antioxidant capacity of pomegranate juice is greater than other fruit juices and beverages (Seeram et al., 2008) . This antioxidant activity has been attributed to the high content of phenolic compounds (Gil et al., 2000) . Pomegranate is known to contain considerable of phenolic compounds, including anthocyanin and ellagic acid (Gonzalez-Molina et al., 2009) .
Pomegranate juice has important clinical implications, and it has even been recommended in the treatment of acquired immune deficiency syndrome (AIDS) due to rich concentration of diverse bioflavonoids and to their known free radical scavenging activity and inhibition of lipoxygenase. Furthermore, pomegranate is one of nine herbs included in a Japanese-patented formula for treating AIDS (Schubert, 1999; Lee and Watson 1998) .
Echinacea purpurea was a popular herbal immunomodulator. Recent reports indicate that echinacea products inhibit nitric oxide production in activated macrophages (Zhai et al., 2009) . Echinacea purpurea is a plant originally used by native Americans to treat respiratory infections and have long been used to aid in wound healing and to enhance the immune system (Lee et al., 2010) .The active ingredients of a medicinal plant are phenolic compound that is also an important antioxidant (Khanavi et al., 2009; Huda-Faujan et al., 2009) .
Spirulina, filamentous blue-green microalgae have received increasing attention due to most promising sources of compounds with biological activity that could be used as functional ingredients (Pulzand Gross, 2004) . Their balanced chemical composition (good quality proteins, balanced fatty acid profiles, vitamins, antioxidants and minerals) and their interesting attributes can beapplied in the formulation of novel food products (Spolaore et al., 2006) . Furthermore, spirulina contains β-carotene and xanthophyll pigments, ɣ-tocopherol and phenolic compounds, which are responsible for the antioxidant activities of these microalgae, as shown by several authors' for in vitro and in vivo experiments (Miranda et al., 1998; Patel et al., 2006) . Moreover, the benefits of Spirulina in building immunity and improving resistance to viral infections and several pre-clinical animal studies have shown good immune stimulatory effects in a variety of species. A hot water extract of spirulina has shown very promising effects on the human immune system as reported by (Blinkova et al., 2001) .
Stevioside, an abundant component of Stevia rebaudiana leaf, has become well-known for its intense sweetness (250-300 times sweeter than sucrose) and is used as a non-caloric sweetener in several countries. Based on direct observations on human and animals, it has been proven that stevioside had to be non-mutagenic, non-teratogenic and non-carcinogenic effects. Stevia has been consumed by human beings for centuries without any negative effects and had approved for use as a sweetener by the Joint Food and Agriculture Organization / World Health Organization Expert Committee on Food Additives (JECFA). Also, Stevioside offers therapeutic benefits, having anti-hyperglycaemic, anti-hypertensive, antiinflammatory, anti-tumour, anti-diarrhoea, diuretic, and immunomodulatory actions, (Chatsudthipong & Muanprasat 2009 , Anton et al. 2010 and Roberto et al. 2012 .
In this context the aim of the present work was to design a functional beverage combining the health-promoting properties of pomegranate juice incorporated with bioactive compounds from Spirulina and Echinacea extract sweetened with stevioside as a natural sweetener. The immunomodulatory and antioxidant activity effect were also studied.
MATERIAL AND METHODS

Material
Pomegranate fruits were obtained from local market. Spirulina (Spirulina platensis) biomass was obtained from Algae Biotechnology Unit in National research center, Giza, Egypt. Echinacea purpurea leaves and flower in dried form were purchased from local market in Cairo, while stevioside crystalline, white powder, with sweetness power of 280 times as sucrose, procured from Stevia International Company for Agro-industry Product, in Cairo, Egypt (SICAP). Ethanol, Sodium carbonate, Glycerin and methanol were obtained from El-Gomhoreya Co., Cairo, Egypt. 2, 2-diphenyl-2-picrylhydrazyl radical (DPPH) and Folin-Ciocalteus phenol reagent were purchased from Sigma-Aldrich Inc. (St Louis, MO, USA).
Preparation of fresh pomegranate juice (PJ)
Pomegranate fruits were washed in cold tap water and drained. They were manually cut-up and the outer leathery skin which encloses hundreds of fleshy sacs was removed. The juice that is located in the sacs was manually pressed and extracted. The juice obtained had a deep-red color. It was stored at -18 o C until using (Maskan, 2006) .
Preparation of echinacea extract (EP)
Echinacea (EP) powder was extract with 55% ethanol to distilled water (1:10, w/v) under 55°C for 3 h, after filtering the extracts was collected and stored under -20℃ until analyzed or the filtrate evaporated to dryness under vacuum and lyophilized (Ivana et al., 2009 ).
Preparation of spirulina extract (SP)
The spirulina were extracted by the method of Kajimoto and Murakami (1999) . That is, the matter was treated with 10 volume of distilled water and boiled for 10min. The extracts were filtered through cheesecloth and the filtrate was used for the following tests.
Preparation of stevioside Extract (SE).
Stevioside was prepared as freshly homogenized suspension in 1:100 (w/v) soluble in distilled water. The filtration by using suction filtration through filter papers (Toyo No. 5B), according to the method described by Sytar et al., (2012) .
Preparation of the formulated pomegranate beverage (FPB)
formulated pomegranate beverage (FPB) prepared from pomegranate juice (PJ) mainly incorporated with Spirulina (SP): Echinacea (EP) extracts with ratio and sweetened by Stevioside (SE) according to the most appropriate concentration for each extract based on phagocytosis inhibition assay.
Method of analysis
Determination of total phenols content:
Spectrophotometric determination of total phenols content was determined with the Folin-Ciocalteau method, adapted by the method of Arnous et al., (2001) as follow: In Eppendorf microtube, 790 µg of Milli-Q water, 10µl of sample appropriately diluted with MeOH, and 50µl of Folin-Ciocalteau reagent were added and vortexed for 1min, then 150 µl of aqueous 20% sodium carbonate were added, then vortexed and allowed to stand in the dark at room temperature, for 120 min. The absorbance was recorded at 750nm, and quantified using gallic acid as a standard. Results were expressed as mg per ml of gallic acid equivalents (GAE).
Determination of total flavonoids:
Total flavonoids (TF) content was determined by Aluminum Chloride Method (Chang et al., 2002) as follows; reaction mixture include 1.0 ml of extract, 0.5 ml of aluminum chloride (1.2%) and 0.5 ml of potassium acetate (120mm) was incubated at room temperature for 30 min and absorbance was measured at 415nm. Catechin can be used as positive control. Results were expressed as milligram catechin equivalents /ml fresh matter from Total content of flavonoids was expressed as equivalent of catechin in one gram of dry plant material.
Evaluation of the free-radical scavenging capacity:
In this method, the 2,2 diphenyl-1-picrylhydrazyl (DPPH) radical was used to measure the antioxidant activity of extracts and beverage (Lim et al.,2001 ) The percentage of antioxidant activity (AA %) of each substance was assessed by DPPH free radical assay. The reaction mixture consisted of adding 0.5mL of sample, 3 mL of absolute ethanol and 0.3 mL of DPPH radical solution 0.5 mM in ethanol. The changes in color (from deep violet to light yellow) were read [Absorbance (Abs)] at 517 nm after 100 min of reaction using a UV-VIS spectrophotometer (DU 800; Beckman Coulter, Fullerton, CA, USA). The mixture of ethanol (3.3mL) and sample (0.5 mL) serve as blank. The control solution was prepared by mixing ethanol (3.5 mL) and DPPH radical solution (0.3 mL). The scavenging activity percentage (AA %) was determined according to Mensor et al., (2001) Total phenols content were determined by using HPLC (Hewlett Packard series 1050) according to Goupy et al., (1999) .While, flavonoids content were determined by using HPLC system employed consisted of an HP 1090M Series II High-performance liquid chromatography equipped with an HP 1090 Series II diode array and an eight-channel electrochemical colometric array detector (EC; Esa Inc., USA).Method according to Mattila et al., (2000) .
Sensory evaluation of formulated pomegranate beverage (FPB)
Ten members semi trained panelists from the staff of Food Science Department Ain Shams University were asked to score the formulated pomegranate beverage (FPB) as a functional beverage compared to a normal Fresh pomegranates juice for their appearance, color, odor, taste, consistency and overall acceptability using the individual products were scored for the intensity of the different attributes on a scale of 0 to 10, where; 0 = non perceptible intensity and; 10 = extremely high intensity according to Calin-Sanchez et al., (2012) .
Phagocytosis inhibition assay:
As mentioned before, the pomegranate juice, green alga, Echinacea extract and stevioside were used to formulate pomegranate beverage, the immunonodulatory effects of this material and their mixture (formulated beverage) were studied, in vitro. The technique adapted by soliman and attia (2007) was followed. Briefly, Preparation of 0.1% nitroblue tetrazolium (NBT) solution labeled by flurescence material (if flurescence microscope will be using): 5mg NBT was dissolved in 2.5 ml 0.9% NaCl protected from light by wrapping tube. Then the tube was placed in a conical plastic centrifuge tube, shacked until dissolved (30 to 60 unites). Then, 2.5 ml of 0.15M phosphate buffered saline was added and tube labeled and stored at 2 o to 8 o C, this may be used up to 1 week from time of preparation.
Procedure:
(1) For each culture and control, 0.1 ml of 0.1% NBT solution was placed into each well, in a plastic microtiter plate; 7 wells were used, these represent 5 types of examined material, control positive (Histamine) and Control Negative (Saline).
(2) Buffy coat cell was collected after centrifugation of heparinized tubes with removal of plasma, and 0.1 ml of this buffy coat was then pipetted into each well. This procedure would increase the concentration of phagocytic cells and was strongly recommended, better than using whole heparinized blood.
(3) Approximately 0.100 ml of examined materials was added to each culture and control wells, labeled as stimulated assay.
(4) With a plastic pipette mixing was recommended. Then incubation done for 60 minutes, then blood smear was prepared by putting a drop on a microscopic slide.
(5) For each well of all patients a blood smear repeated and control.
(6) One slide selected from each group and flooded with freshly filtered Wright's stain for 3.5 minutes, then in equal volume of Sorenson buffer for 10 minutes more, then washed by distilled water and dried.
(7) Each slide scored under low power for the greater concentration of leucocytes then, using Flurescence Microscope, and at least 50 neutrophils were counted, by recording both total neutrophils and the number which contain deposits of black formazone (reduced NBT dye). Only cells containing black material larger than granule, normally appearing in neutrophils, were counted.
The results are expressed as the percent of cells found having phagocytosed, the normal control should have > 25% of the cells exhibiting reduction of NBT dye, the percentage of neutrophils abnormal in NBT if less than 25%.
Statistical analysis:
Data were analyzed using analysis of variance (ANOVA) followed by Duncan's Multiple Range Test with P ≤ 0.05 being to determine the significant differences in results using SAS software (SAS, 1996) .
RESULTS AND DISCUSSION
Phenolic compounds content
The phenolic components of the Spirulina (SP) and Echinacea (EP) extract was calculated based on calibration curves of external standards built for each of the analyzed compounds. The content of major phenolics detected in the formulated pomegranate beverage (FPB), spirulina (SP) and echinacea (EP) extracts ranged from the highest concentration pyrogallol, 3-OH-Tyrosol, chlorogenic, e-vanillic, 4-aminobenzoic, catechol, epicatechein, benzoic, protocatechuic and caffeicwere the concentration values as follows (122828.95, 83902.91, 54662.78, 24627.05, 24621.19, 21037, 20984.01, 9119.59, 7022.28 and 5314.69µg/100mg) respectively, as shown in table (1). These results are in harmony with those obtained by (Elfalleh et al., 2011 & Fischer et al., 2011 , (Gil et al., 2000; Seeram et al., 2005; He et al., 2011) . 
Flavonoids compounds content
The data in table (2) showed flavonoids contents which were relatively high inpomegranate, spirulina and echinacea extract. it contained relatively high amount of narengin, quercetrin, hisperidin, rutin, quercetin and rosmarinic were the concentration values as follows (472721.50, 319744.32, 288382.98, 191591.81, 136421.11 and 119626 .87 µg/100mg ) respectively.These results are in parallel with those of (Gonzalez-Molina et al., 2009) . 
Phagocytosis inhibition assay:
Pomegranate juice, spirulina, echinacea, stevioside extracts and formulated pomegranate beverage (FPB) was tested against phagocytic function Table (3) . Phagocytosis is the first step in the response of macrophages to invading microorganisms. The results showed that each tested material could enhance the ability of uptake of neutral read by macrophages compared with positive control (histamine). Furthermore, pomegranate juice, stevioside, spirulina, Echinacea and formulated pomegranate beverage (FPB). These results indicated that the incorporated pomegranate with spirulina, Echinacea and stevioside could activate innate immune response and may be considered as a supplementary therapy. A highly significant difference was observed for the FPB. 
Total phenolic content, total flavonoids and scavenging activity of stevioside (ST) Spirulina (SP), Echinacea (EC) and formulated pomegranate beverage (FPB):
The data presented in table (4) show that pomegranate extract was characterized by high content of total phenols 2.15 mg/ml and had a great free radical scavenging activity 92.95%. These results are in agreement with those obtained by (Panichayupakaranant et al., 2010; Amani et al., 2014) . Also, it could be noticed that the formulated pomegranate beverage (FPB) is a good source of total phenolics content 2.294 mg/ml and had a high free radical scavenging activity 94.54% due to incorporation of formulated pomegranate beverage (FPB). Also, (SP) extract of and (EP) Total phenolic compounds for both of them (0.153, 0.773 mg / ml) mg of gallic acid equivalents (GAE)/ml of extract respectively. The total flavonoid each of them (2.599, 8.063 mg / ml) mg of catechin equivalent to the extract respectively. These results are in parallel with those of Davey et al. (2000) and Elena et al. (2009) . Therefore, this beverage increases health benefits by increasing antioxidant properties as reported by Reza et al. (2014) .The same trend was found in antioxidant activity no significant between pomegranate extracts (PJ) and formulated pomegranate beverage (FPB) extract mixtures. While found to significant between the other stevioside (ST), spirulina (SP) and echinacea (EC) extract compared to pomegranate extracts (PJ) and formulated pomegranate beverage (FPB) extract mixtures.
Pomegranate fruit has taken a great attention for its health benefits in the last years, numerous studies on the antioxidant activity have shown that pomegranate juice contains a higher level of antioxidant that most of the other fruit juices and beverages Seeram et al., (2008) . 
Sensory evaluation of formulate pomegranate beverage
Data presented in Table ( 5) revealed that no significant differences were noticed between the pomegranate juices and formulate pomegranate beverage in appearance, color, odors and consistency, while the other parameters including taste and overall acceptability showed a significant decrease in the mean values of pomegranate juice (PJ) compared to fresh formulate pomegranate beverage. The differences in the sensory parameters could be attributed to the different raw materials and components of the two juices. 
CONCLUSION
Based on the above results, it could be concluded that pomegranate beverage incorporated with spirulina and Echinacea extract sweetened by stevioside exhibited a potential source for antioxidant and phytochemical act as immunomodulation effect. They can be incorporated in pomegranate to enhance their flavor and introduced health promoting beverage.
